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#1" ^}-§-^S S|ZL 60 ^3\%77\*\ ^^Z} ^ o^, ZL?]JL la^o. 

^el^ojH *flH^ 5 nm Dfl o. q-^^-o] ^rSS)^ 91°-^, 

-iro] 1.5 ^^s. ^fil^, 71^-^ ^^^^( interconnect ivity)^l -f^^r 

£ 1 

, -^.S:^^-^ (inter connectivity) 
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^tffl^-g- 2^1 tt^ ^"{Ultra-low Dielectrics for Copper Interconnect} 

^ ^Jl 60 ^%77}^\ <#^r S^-A]^ ^ 5$ -2 , ZL^ZL 

^1 1.5 ^^S- 7l^-?>^ ^-s<^^^ ( interconnect ivityH ffl-f "f^r^r 



21-5 



086244 2004/6/14 

^#31 &t}. ^^£71- fe:s ^^o] ^%\] cg^-q oj- IH^I^ yfl 

I^Bj-lS ^>st-^(Si0 2) £=4.0) H^r Ir^m^. #5^0=3.5) 

* ^r-g-tr ^-f , «Fdt^5] ^(resistance, R)^ ^1} *i<£^ ^-g-^ 

(capacitance, C)3 RC €^°H ^tb ^S^l "S^r , ^ sKcrosstalkHl ^tr 

^ ^ #1^2.7} o>^ o]sj7 ^rf. 

<5> v)^ SEMATECH^r ^ ^^7l^A^ ^-^<?> #^^3 ^ 7^ ^ 

^, W ^sl ^ Tlls^l $a^fr tfl^^ol x-l-^-^i Applied Materials 

^ Black Diamond™ 7> -fr^o] ^ 2 .7^ (CVDH] *W$|:n., °1 

^H^H ^ ^7f# Tjl^^r ^cf. S^r, -n-^#°l ^2.7^1 ^ 
(spin-onHl^r Dow Chemical SiLK -fM i^>7> 7># -fi-?^ <£b^ 5^4. 

^4, -fr3l# 0 l 2.2 ^tfl 7-]^ 6>a|^lS. #^ol ^s] ^ 

=r ^cj-ul SHJ*1 ^^1* ^ Sir}. 
<6> ol^ ^=3*M. -fr^^ ^3 5}i|SAi, I^AS. Ir^tb -fr 

7l#^# #7J: ^-MSl ^71 nflH^^r 7]*\ nflH^^ ^Sr# 

-fKSE-gn -B-7l-^7l q-i^HiM^-I- ^llstb ^, ^^(M^ <t^« -n-^^l 1.0 

o] -^71 « ^ 4H 5-^*1-^^ ^l£7> [c.V. Nguyen, K.R. 

Carter, C.J. Hawker, R.D. Miller, H.W. Rhee and D.Y. Yoon, 
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Chem. Mater., 11, 3080 (1999)]. °H , 7)^^ 3.7)7} ^JL n £-S£7> -g-<|^ s^-R-^ 

^XJ-g-ol ^-gflo> ^rfjl o]^, 2)^1^ ^7l nflEBJ^ -#-g-^°l 

^ol3£)y.^^= §sH^b1 [C. Nguyen, C.J. Hawker, R.D. Miller and J.L. 
Hedrick, Macromolecules , 33, 4281 (2000)], <>1| ^^^Ml 
(tetronics™) [S. Yang, P. A. Mirau, E.K. Lin, H.J. Lee and D.W. Gidley, Chem. Mater., 13 
, 2762 (2001)]-, #&|^^^Bl-6>3.^s|lolE-^y^r}ol 1I il^o> 1 al^o 1 ]^ x»fli=H.3.^s||ol;E ^§^- 

x\) [Q.R. Huang, W. Volksen, E. Huang, M. Toney and R.D. Miller, Chem. Mater., 14(9), 
3676 (2002)] $1<L^, ^7) d l-§-*M 2.0 -fi- ^7]^ 3L*\ 

S^^^le]^ ^-^^^-O] ^^q-Tfl 7 }^-o\ 371 ^ -&3L5L7} ^7}^\7\) ^rf. ^ElLf, 

3.5^1 °1 ^ Ol^-0_ S ^J^^. xtfl ^ WT-tf}- Xflc^l c^^l 7 ]^ S7l . ^^£) 7 ] Tcfl~. 

on, wi-^ 7l ^^ 7^ ^ ^ ^s]^ ^^i sa^is sei-^i^i ^ »m^r s-^m 

<=>>7l^. 

2^1 tt 7l^H ^ -8-^^°l ^Mr^Kz. 71^-^1 B.7l7> &rSLv\ &X\<% 7l^S# 
^ *HSi5}-7l ^-71 ^SJ^>» ^#5)HHS A>-g-^>^^ Al£ 7 > # 

Afl^^-S. %^1 ^Bjul °l3f ^T^M, IBJHMfe ^7}^ 7}^ 
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ATRP(atom transfer radical polymerization) ^l-g-^M 7}M^^^ ^ ^ $X^r &^7) 

Pfl-f ^ ^£(M=10- 5 )^ -g-^!^^^ B^ig 7lH*H* ^7>^}J1 ^7M7l 

$t=r [D. Mecerreyes, V. Lee, C.J. Hawker and R.D. Miller, Adv, Mater., 13(3), 204 
(2001)]. JEth #71 i4^^7>«- l-Bl^^-i^^^ ^H^^^f ^ 

^ ^>c*| pflH^i -ufl^l 7l^ 3.71 7> ^ # ^3.#Bfl5l 

^^7151 ^-AV^rl-31 3i^l-$l^-. ol^ 71^21 ol-g.^ ^Str 

M-i^^7Kl5l ^1^ 7]<q M^fi^l gro.^, SEtr *3#€ 71 ^o] T^S. rt-tl ^ 

*HW^r 53 # ^1^. ZLE^, #71 -fr7l 3.^113 ^71-371* 

4^1, °lsltr £-*H^* iL^}7l ^le^m M-^37l* ^ ^-7l^7> ^1* 

^ A>ol^^^B^^r # ^ #71 ^7^151 3.71 7> 1.4 

~1.7 nm ^£5. T}<£*b ^7l# #-3.^^.31 ^Hl ^"ft ^ &7l ufl^] 

iH^i^ #-g-# nfl-f ^-Bl^tq-Jl § ^ o^cf. ##^7l#^ 

oflA-1^ ^Bl-7l^[(2,3,6-H^- 
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-n-^^-^r, T-H^^H^ q= 40% ^^77}*} 7}^-^ 3.7)7} ^3. ^ 7]*\ 

o.aV-s}^, ^ rt-tl 7l^S# ^cf^l iLJ!^^ [J.H. Yim, Y.Y. Lyu, H.D. Jeong, S.K. 
Mah, J.G. Park and D.W. Gidley, Adv. Fund. Mater., 13(5) (2003), tR-^^fl A 
2002-75720^]. ZL&m o] ^Jp^lJE ^H^jZ ^7l^ f-frtr CSSQ 

ol^^o] trfl-f ^ -fi^-ir^- u^ifl&t}. tc]-iiH ^Mrtt 71313 

T=K5= -f^tt -fHM^ M-B)-^ ^ &i=. -B-71 ^^7>^ 7^1 ^^l-tlJL % ^ ^XA. 

^1^-^ (CH 3 -SiOi. 5 )^ ^J7(i=2.7), *r*t ^ <t 

7l^^ ^t&S}- 3)-^ (chemical mechanical planarization, CMP)^ ^~Br ^^.^t ^£^1 
^ 71^^ #5:5. o]^H 1^1 ^^lTfl &%°] 9XA. 

SE^r -fr^^-i: ^-^^S, #^^1^^^^^ nflH^ vfl<*fl *gr ^ 7l^ 

# JE^Kr tfA- ^-711 ^o] ^rf. ofl f .& #^7>^ #2^1 

^"SMI* XlS^r «r SU 1 } [^H^^7fl XI 2002-38540 Jl ] . 
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°1 ^ 7] #3 

Ai 6]-^^A>o]^ S ^^H^ q-^^7># ^^eflolHS. A}-§-^Ml Z\ ^ , ^ ^^o] 

-f^r^ ^-g-^^-S. 60 Jfsty ^JE^ 4^0) E fl^.^ ol -e 7l . ^.o.^ ^ $1^51, ZLEl^I *fl 



2: 7-1 -ft- *I ^^^1 SU^, 

^-7] oH)^A>ol§ S ^^E^ M-^^7> 30 ~ 60 ^M%7> -S-7l-g-*iH -g-§fls]oi 

^^-g- 2^-R-*l 7^12:^1 nflH^iS*! t^Z^l^ 
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°1 1.5*1 s^-fi-*! *|<S^1 ^rtb ^, S^M^l^^t 5E 

^ WM» ^H^S. ^Kf *)l3zM £M 7l^-^-g- ^3HH3Ai °M 

«3HH» a^ja 40 JfsH ^ ^ ^SS^ 3^ 60 Jf4%^l zl t^-i: ^7\*}Q ^ 

<18> ^^A-m nflB.^ ^£-JLi^|, ^*ll S^r ^ ^§^1 

<19> ^EBJAS. A)~g-5)^ ^tWIfe ^S^^Al^^uzj- a , o)-wl 

ofl ^3: ^-f^l ^llim^l^l-€€4 a , a-wl^SeH^l^lHm ^tM]7> 

i^£tj-. uflH^ , ^7}#o] ^#^^r w> 5fe 

§2l<&^M^^Hi ^^l[^^^7fl ^12002-38540S]» A}-g-*}5^ ^ f £ -fj- 

^^-o] 14 t§=^ ^ &&4. 
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<2i> l] 




<22> [s)-«|-^ 2] 



RO 
RO 




<23> Jfr 7 ] 5)--Sj-^ 1 2°lH, -#7] R^r ^5. ^ ^ t}S. ^ 1 6^1 ^7l# 

<24> M. ^oflA^ 71 ^^-g- ^«-i£|HH5>| ^^^ol^^^HSl l4i^^7>* # 

t# Aj-^-^-cf. M. 1^0} Aj^7l^S*| ^^^-711 ^12002-75720 Jl °1] *\ ^ A}o] ^.t^e 

^ -B-i^7> ^l^M $171^ S>*1#, °1 ^6)]^^. ^l^ol^^^H^ «iilMHS 
>H ^H^-S. A>-g-*V ^ji, rf^> ^Hl-7li(2 ) 3 ) 6-He)-0-^m)-p-^l#S^l^Hsl 
(HTM-JP-CD)^: A>-g-^r ^Hl^l 7l*|)sM <&3L, HTM-£-CD^ a^ul 40 ^% 7] 5L $X^- 

3\5L 60 ^Al7l^ 

<25> £ vVt$o] 7l^^-§- ^#5)lol^S. A>-g-^>^ ^ A> Ol ^ S rf) AE ^ Cf^- S(--SM 3 

<26> 3] 
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<27> av 71 3^x1 g^^, n ^ 6 xfl*l 8^ ui; Ri, R 2 ^ R 3 ^r 33 ^^7> oHfl^H 

al, Ri, R 2 ^ R 3 ^ 3<H51 *>q-7> o>^]^7lo]4. 
<28> ^-7] 30.^ SAls]^ ^H] € A >°1 ^13-2-3. ^Al-gJ-Tg, H3°MII 

^-g-^-g: ^^rf. olxcfl, o.7l -g-*fliMfr H.(DMF) , t}o| ^^3|oH 

ol^(DMA), q-oH]^^^A}o]^( D MS0) $X^. 



-l^ thg-, A d"7l ^-71-^71 7l^r $M ^ ^ ^S.^ ^, 2000 ~ 4000 



(0.2 jum)5. #3-^ -Me^H^* A>-g-tb3-. 

-Xfi 3-§", °1^7ll ^1E* 200 ~ 400 °CV}*\ ^7>A]^ ^-g-Pfl *[|3 ^ 

nflB^^ -g^fr ^7]^ ^^-^r-i-^r ^*33?1 350 ~ 500 °C<^H f Al7j 



rpm«=»l]A) 20 ~ 70 S ^91 ^^.3.^^ v}<^ z\)2i%t\-. 



0 H, 7l^r^.S^ ^til^^ 



21-13 



086244 2004/6/14 
5E^r 3 °C/minS. 

<33> o]AVoj ^] S w o l-^ O.S. ^ ^tgo} ^-B-^ «T-^ £| tfl ^-^o] 60%^] ZL, 2^ 



<36> i^liH5^]^l^[CH3Si(0CH3)3]ol -g-tsfl^ ^m^^w-^^S( MIB K) -g-*H HC1 -g-^ ^ 

^^HM- ^r^Kn. a , cD-til^H^^l^-Al^^oll^ [(CH 3 0) 3 Si-CH 2 -CH 2 -Si (0CH 3 ) 3) BTMSE]^- ^ 

41- ^-5-* ^^l^l ^ -g-^fl ^ HC1 ^*fl# BTMSE H-^ 10 mol%, Mw 

2426, Mn 2,700, Si-0H/Si €7>*1 = 27%<?1 #^*)M^1^1^> 2^ *^-*0-S- ^S^-^^-. 

<37> ^UHl 2 : ^-frfV ^-B-^ *fl2: 

<38> *fiH^ ^5.^1 ^^B^^l^l^^ a , 

a)-til^HHH^^3^)E3-o} 2 ^ ^^-^))(BTESE 10%), iE^- ^1^1^^ a,co-wl 

^H^^s-Al^^^E^-oi 2 % (BTESE 25%)« Af-g-^i, ^ # o] e 3.^ J=s)oM|^-Jp- 

<39> zl t&A *flH^ ^ ^ ^#sflolH# zj-z* DMF 

^ ^, S 1^1 q-B)-^ S^WlS -fr7l-^-7l ^--g^ a^\^. 
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3lHB^f-^JiL(PTFE) €^(0.2 jan)S ^B^$Hst| ^oj), ^ -f[-7l-^7l ^ 

^-B-^* ^ ^ ^, 3500 rpm 502: i^sU-fr *H ^ Vl3 M: *ll2^r53 

A. °lf7ll ^2:^ 250 °CV}X] ^7>A]^ -g-^^Tl ^ Jf7l ^H^^ 

^ ^ ^R^SL^ zi-z]- 3 °C/minS ^rS^. 

<40> ^-71^- ^ 1#^JL3L 3^ l=hM ^^-S ^*r5$ 

o.^, ZL cf^- s. loll ^ ^xfl^rf. 

<4i>^^^ i: ^1, -fr^l^ 

<42> ^-7] -^X|ofl 2^1 *1 ^2:^ «]-^ ^.g. JfM|^. <t (el 1 ipsometer , L166C, 

Gaertner Scientific Corp.)* °l-8-*H 632.8 nm Sr^oMH ^^r^^f. 

<43> wvdi-^ ^q-^^ rf^- ^-ej-^ is. Ste-Sfe ^(Lorentz-Lorentz 

equation)^ <>l-§-^M Tfl^r^. 



<45> ^7) i6j|^ f ns nr ^ z]-z}- t\-^ ^^-^ ^^( re fract ive 

indices)^: A^-^\JL, p^ T^g-S (Porosity) -I- i-M^K 
<46> o.^ ^ « 0 >^0 S ^^o^ ^I«7> nfl-f ^ ^ 

(0.008 ffl-m)« ^x^o s ^-g-^ji, zl i?H ^Al^l 2°1H ^1^^ 27^^ 



<44> 





= (i- P ) 
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^rSt^f. a]^^ HP 4194A ^5x)cii ^7l(impedence analyzer)* °]-%-*} 

^ 1 MHz^H ^^-g-^ ^-?b ^P, °H <£:n 5fe Mj-^H^l ^ #^33* JUB^H -B-^-i: 
•i: ^l^>^i=f. cl^^oi cf^. ^vai 2S. S.*)s\±± Maxwe 11 -Garnet t *\Sr 

<47> _k ! -i_ _ k r -i 

[^<&J 2] ^+2 ~ (1 " P) ^+2 

<48> s&7) 2^1^, k s k r ^r i=f^ SE^ *li=Hg-^ ^#^1 -fr^l ^(dielectric 

constants)* i^-Efiflji, t=r*5- (Porosity)* M-^-^l^. 

<49> [S 1] 





<>HI1M|- 0 |-#S- 
(^%) 


(A) 




e> -i & 
(%) 








(MSSQ) 


0 


2998 


1.371 


0 


2.7 ! 


2.7 


10 


3011 


1.337 


10.1 


2.41 


2.43 


20 


2932 


1.290 


20.2 


2.16 


2.19 


30 


2869 


1.259 


28.3 


1.98 


1.95 


40 


2817 


1.209 


41.3 


1.74 


1.71 


(BTMSE 10%) 


0 


2918 


1.402 


0 


2.87 


2.87 


10 


2888 


1.362 


9.1 


2.60 


2.62 


20 


2845 


1.310 


20.7 


2.29 


2.31 


30 


2806 


1.284 


26.3 


2.14 


2.17 


40 


2778 


1.230 


39.2 


1.87 


1.89 


50 


2746 


1.180 


50.2 


1.64 


1.66 


60 


2523 


1.150 


59.2 


1.52 


1.55 


(BTESE 25%) 


0 


2723 


1.373 


0 


3.0 




10 


2569 


1.345 


7.1 


2.74 




20 


2817 


1.315 


14.2 


2.50 




30 


2442 


1.282 


20.2 


2.28 




40 


2325 


1.206 


40.6 


1.86 




BTMSE: a , m-ti|^HeH|J|-A|^<>||m|- 
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<50> ^<^1 2 : W^MB*! ttHE- ^^M: ^ -fj-^^HS «1 51 

<5l> igx$<n S^-H-^i ^3)-, tt^*1^7fl ^2002-75720^^1 ^l^M 3* 

^1 ^bW1&^. 

<52> M. ^^H^M^^H* 2-£ ^ffji||(^AH 1, BTMSE 10% 

^-R-H ^^sll^lH^i H^|^Hm-^-^H#S.^^B^ M-^^^>(TABCD)# 0, 10, 20, 30, 
40, 50, 60 Jfs|%S f-B-^ t£s]-X|^ ^l^tt Wol4, til 51^1^ ^AlH]^ 

4°lt^ A ^1 ^ ^HKCSSQH ^#ello] M A-l ^B(-7l^(2,3,6-Bel-^m)-i?-A}ol 
[tCD]^ 0, 10, 20, 30, 40, 50 f-fr^* ^sM^ ^S^V 

<53> £ 1^ ^3)-6fl ^1^, W3HH£} 30 a-^'M 3^ ^-O-^l^JfEi, 



<54> ^-S^ v}Q ^ol ; ^ ^6]] rc^ J^-^^o. nflH^^i ^^S. ^>-g-^|^ 

<55> i£Tgo} ^ ^71 S.^- ^ cgo^j ^ojg. ^ ^rg o) ^ 
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1] 

^o.^ ^o^i &<h*i, 

^"71 B^^^ojHS^ ^Him^^mS^^^sl M-^<^7> 30 ~ 60 -*f^%7> o.7l-g-pfl^l -g-«fli|«H 
2] 

*f| 1 IN A^H, ^"71 §5]^^^1^^-a> ^HBlW^l-a^ a, co- 
wl ^S^^xi^o^]. ^ 91 $-6- i?Kr ^wfl^i-g- *|<£^. 

3] 

711 2 %H1 &<H*1, <%7] Sel^r^^l^^ ^l€HBl^l^l^€^- a,a>- 

wl^Hel^l^-Al^^oH^- ^^1, iE^r ^HsH^l^^l- a , oj-til^H^l^l^lH^ 

[^^8- 4] 
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OR, 

RV 






R 2 0 OR 3 


n 



^, Ri, R 2 ^ R 3 # §}i47} ^M]^7lolrf. 

5] 

6] 

-(DMA) ^ ^oH^^aMs.cdmso) ^ AS ^e|nfl^-g- s^-fr^ 
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7] 
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1] 



60 


■BTMSE10%: 2.87 (*) 
-CSSQ: 2.51 (A) 


K=1.52 * 


50 




* 


40 




BTMSE 10%nTABCD 
* 


30 
20 
10 


• 

o 

0 


°A=1.90 

* o 

° CSSQ/tCD 


0 


- o 

1 1 1 1 u_ 


■» 1 1 1 1 1 i 



■J — ' 1 — I 1 1 — I 1 I I 

0 10 20 30 40 50 60 



Porogen loading (vol%) 
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